Redistribution of epidermal growth factor receptor as a function of cell density, cell-cell adhesion and calcium in human (A-431) cells.
Cell surface expression of the epidermal growth factor (EGF) receptor in several cell lines declines as a function of increased cell density and is associated with diminished responsiveness to EGF. However, the mechanism whereby this density-induced down regulation of receptors occurs has not been discerned. In the present study the distribution of the EGF receptor in A-431 cells as a function of cell density using (1) two polyclonal antibodies raised against peptide specific sequences of the EGF receptor that recognize either the cytoplasmic or extracellular domains of the receptor, respectively, and (2) biotinylated EGF, a specific probe for the cell surface receptor is now investigated. Immunolocalization of the receptor using the polyclonal antibodies or the biotin-EGF revealed that the receptor was homogeneously distributed on the cell surface of individual cells, or in cells plated at low density. In contrast, as cell density increased, prominent EGF immunoreactivity and biotin-EGF staining became limited to the periphery of the cells, at sites of cell-cell apposition, and was characterized by a honeycomb pattern, typical of a basolateral distribution. The effects of low Ca++ treatment, known to cause cells to round up and detach from one another, on EGF receptor distribution in cells at high cell density were then examined. Confocal microscopy of immunostained preparations revealed that incubation of high density cultures in Ca(++)-free media for as little as 10 min restored the homogeneous distribution of the EGF receptor and resulted in strong intracellular staining. Three-dimensional reconstruction of serial optical sections revealed that redistribution of the EGF receptor following low Ca++ treatment involved a heretofore undetected 'ruffling', an immunostaining pattern characterized by stripes of intense fluorescence signal interspersed with complete absence of fluorescence. Next, cell-cell adhesion was disrupted with antisera to the cell adhesion molecule E-cadherin. Although the antisera caused cells to detach from one another, eventually leading to cell rounding and redistribution of the EGF receptor, the receptor 'ruffling' immunostaining pattern rendered by the low Ca++ treatment was not detected. These results suggest that an association may exist between the plasma membrane EGF receptor distribution, density-induced EGF receptor down regulation, and the growth effects of low Ca++ observed in previous studies.